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Abstract 
The efficiency of prospective memory (PM) typically increases from 
childhood to young adulthood and then decreases in later adulthood. The 
current study used event-related brain potentials (ERPs) to examine the 
development of the neural correlates of processes associated with the de-
tection of a PM cue, switching from the ongoing activity to the prospective 
task, retrieval of the intention from memory or task set configuration, and 
strategic monitoring of the environment. The study included 99 partici-
pants that were 7.5 to 83 years of age. Slow wave activity related to stra-
tegic monitoring was reliable across the lifespan suggesting that all ages 
were able to allocate attentional resources to facilitate PM. Additionally, 
components of the ERPs related to cue detection, switching, and task con-
figuration were reliable across the lifespan, suggesting that similar proc-
esses contribute to PM at all ages. In children, PM errors may have resulted 
from a decoupling of processes supporting cue detection and switching 
from the ongoing activity to the prospective element of the task. In 
younger and older adults, PM errors appeared to result from the failure to 
detect PM cues in the environment. These findings lead to the conclusion 
that different processes may contribute to variation in PM across the 
lifespan. 
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1.  Introduction 
The ability to form, retain and later execute an intention without an 
explicit external agent that prompts a memory search when the retrieval 
context occurs, constitutes prospective memory (PM, Brandimonte, Ein-
stein, & McDaniel, 1996; Kliegel, McDaniel, & Einstein, 2008). Successful 
PM is supported by two fundamentally different components (i.e., re-
trospective and prospective, Einstein, Holland, McDaniel, & Guynn, 1992; 
Einstein & McDaniel, 1990, 1996; Kliegel, Mackinlay, & Jäger, 2008; Martin, 
Kliegel, & McDaniel, 2003). The retrospective component allows the indi-
vidual to retrieve the content of the intention (i.e., retrieval context and 
intended action) from memory when a relevant cue is encountered in the 
environment (Einstein & McDaniel, 1996). There is significant overlap be-
tween the processes contributing to the retrospective component of PM 
and those contributing to other forms of explicit episodic memory (Einstein 
& McDaniel, 1996; West & Krompinger, 2005). The processes underlying 
the prospective component are more closely aligned with executive control 
and support the detection of PM cues in the environment, the coordination 
of the ongoing activity and execution of the intended action, and monitor 
the outcome of an action (Marsh, Hicks, & Watson, 2002; West, 2011). 
Studies examining the development of PM reveal an inverted U-shaped dis-
tribution in the efficiency of PM across the lifespan, with PM improving 
from childhood to young adulthood and then declining from young adult-
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hood to later adulthood (Kliegel, Mackinlay et al., 2008; Zimmermann & 
Meier, 2006; Zöllig et al., 2007). Evidence from behavioral and electro-
physiological levels of analyses lead to the suggestion that somewhat dif-
ferent processes may contribute to the development of PM across the 
lifespan (Zöllig et al., 2007). The current study examined age-related dif-
ferences in the neural correlates of PM in individuals 7.5 to 83 years of age 
to determine whether similar or distinct processes contribute to variation 
in PM across the lifespan. 
1.1. The development of PM  
The success of PM typically increases from young childhood to about 
the mid-twenties (e.g., Ceci, Baker, & Bronfenbrenner, 1988; Guajardo & 
Best, 2000; Kliegel & Jäger, 2007; Kvavilashvili, Messer, & Ebdon, 2001; 
Martin & Kliegel, 2003; Smith, Bayen, & Martin, 2010) and then starts to 
decline in middle adulthood (Maylor & Logie, 2010) with an acceleration of 
decline in later adulthood (Kliegel & Jäger, 2006). There is some debate 
regarding whether age-related differences in PM across the lifespan result 
from variation in the efficiency of the prospective or retrospective compo-
nent of PM. Some investigators have argued that the development of ex-
ecutive control processes associated with the prospective component 
(e.g., strategic monitoring of the environment) represents the primary lo-
cus for improvement in PM between 7 and 12 years of age (Ceci et al., 
1988; Kerns, 2000; Zimmermann & Meier, 2006). In contrast, Smith et al. 
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(2010) provide evidence demonstrating that processes associated with 
the retrospective component may represent the critical factor in under-
standing the development of PM from childhood to young adulthood. Con-
sistent with this view, Zöllig et al. (2007) found that the development of 
PM between adolescence and young adulthood reflected a reduction in 
both the number of confusion errors for PM cues and false alarms for PM 
lures. Both types of errors could be considered indices of the retrospective 
component, since for each the content of the intention (i.e., the intended action in 
confusions and the retrieval context in false alarms) does not appear to be remembered 
correctly (West & Craik, 1999; West & Craik, 2001; Zöllig et al., 2007). Alternatively, 
false alarms to PM lures could also result from inefficient executive control 
processes that give rise to impulsive PM responses before the appropriate 
response is retrieved from memory. Zöllig et al. also found non-significant 
differences in the number of prospective misses between adolescents and 
younger adults, indicating that the efficiency of the prospective compo-
nent may be similar at these two points of development. 
Work examining the nature of age-related differences in PM between 
younger and older adults also reveals inconsistencies across studies. Some 
evidence indicates that aging has a stronger effect on processes associ-
ated with the prospective component than the retrospective component of 
PM (Cohen, West, & Craik, 2001; Smith & Bayen, 2004; West & Craik, 
2001). Furthermore, other evidence indicates that this effect may result 
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from a decrease in the efficiency of preparatory attentional processes that 
facilitate the detection of PM cues in older adults (Smith & Bayen, 2004). 
In contrast, other findings reveal that aging can be associated with a de-
cline in processes associated with the retrospective component of PM 
(Einstein et al., 1992; Zimmermann & Meier, 2006). As an example, Zöllig 
et al. (2007) reported an increase in PM confusion errors and false alarms 
to PM lures in older adults relative to younger adults. Both of these types 
of errors could be attributed to failures of the retrospective component of 
PM; although, as noted above false alarms to PM lures might also result 
from impulsive responses associated with inefficient executive control 
processes. 
1.2. The ERP correlates of PM and development 
Studies using event-related brain potentials (ERPs) to investigate the 
neural correlates of PM have revealed ERPs that are associated with the 
prospective and retrospective components of PM. The prospective compo-
nent is associated with processes related to the detection of PM cues 
(N300), switching from the ongoing activity to the prospective response 
(frontal positivity), and configuration of the prospective task set (prospec-
tive positivity); and the retrospective component is associated with proc-
esses related to retrieval of an intention from memory (parietal old-new 
effect, for a review see West, 2011). These studies have also revealed 
sustained neural activity over the frontal and parietal regions of the scalp 
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that are associated with strategic monitoring of the environment for a PM 
cue (West, 2007; West, McNerney, & Travers, 2007). The effects of de-
velopment from adolescence to young adulthood on some of these ERP 
components have been examined in a study by Zöllig et al. (2007), and the 
effects of aging have also been considered in a small number of studies 
(West & Bowry, 2005; West & Covell, 2001; West, Herndon, & Covell, 
2003; Zöllig et al., 2007). 
The N300 reflects greater negativity for PM cues than ongoing activ-
ity trials over the occipital-parietal region of the scalp between 300-500 
ms after stimulus onset (West, 2007; West, Herndon, & Crewdson, 2001). 
The amplitude of the N300 is greater for PM hits than for PM misses and 
ongoing activity trials, and may be similar for PM misses and ongoing activ-
ity trials (West, 2007; West & Krompinger, 2005; West & Ross-Munroe, 
2002). These findings have led to the suggestion that the N300 is associ-
ated with the detection of an event-based PM cue in the environment. Evi-
dence from three studies reveals that the amplitude of the N300 is at-
tenuated in older adults (West & Bowry, 2005; West & Covell, 2001; West, 
Herndon et al., 2003). Some evidence indicates that the effect of age on 
the N300 may result from the reduction in the efficiency of executive 
processes that facilitate the detection of PM cues (West & Bowry, 2005); 
although, it is also possible that differential task-related recruitment in 
younger and older adults or greater within person variability in the timing 
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of the ERPs between older than younger adults also contributes to this ef-
fect. In contrast, other data reveals that there may be relatively little ef-
fect of age upon the amplitude of the N300 from adolescence to later 
adulthood (Zöllig et al., 2007). The failure to find age-related differences in 
the amplitude of the N300 by Zöllig et al. appears to be related to differ-
ential neural recruitment early and later in life that may obscure develop-
mental trends in the N300 when measures of mean voltage are considered.  
The frontal positivity reflects greater positivity for PM cues than for 
ongoing activity trials over the midline frontal region of the scalp between 
300-500 ms after stimulus onset (West, 2007, 2011). Like the N300, the 
frontal positivity distinguishes between PM hits and PM misses and ongoing 
activity trials (West, 2007). Based upon similarities between the frontal 
positivity and components of the ERPs related to task switching, some in-
vestigators have proposed that the frontal positivity is associated with an 
executive control process that supports switching between the ongoing 
and prospective elements of the task (Bisiacchi, Schiff, Ciccola, & Kliegel, 
2009; West, 2011). The amplitude of the frontal positivity may be attenu-
ated in older adults relative to younger adults (West, Herndon et al., 
2003), and the effect of development from childhood to young adulthood 
on the frontal positivity has not been investigated. 
Beginning around 400 ms after stimulus onset, PM cues are associ-
ated with a sustained positivity over the parietal region of the scalp rela-
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tive to ongoing activity trials (West et al., 2001). The parietal positivity 
represents three distinct components of the ERPs. The P3b contributes to 
the parietal positivity (West & Wymbs, 2004). The influence of the P3b on 
the parietal positivity can be minimized by using PM cues that are percep-
tually similar to the ongoing activity stimuli (West, Wymbs, Jakubek, & 
Herndon, 2003). The recognition old-new effect also contributes to the 
parietal positivity and is associated with the retrieval of an intention from 
memory (i.e., the retrospective component of PM, West & Krompinger, 
2005). The third component that contributes to the parietal positivity is 
the prospective positivity (West & Krompinger, 2005). The prospective 
positivity tends to emerge later than the P3b (West, Wymbs et al., 2003) 
or the old-new effect (West, 2007), and may be associated with an execu-
tive control process that supports configuration of the prospective task 
set (Bisiacchi et al., 2009; West, 2011). The amplitude of the parietal 
positivity decreases from adolescence to younger adulthood to later adult-
hood (West & Bowry, 2005; West & Covell, 2001; Zöllig et al., 2007). This 
finding indicates that there is age-related variation in the amplitude of ERP 
components that contribute to the parietal positivity. Based upon available 
evidence it is difficult to determine which of the three components con-
tributes to age-related differences in the parietal positivity from childhood 
to young adulthood; in contrast, in older adults it appears that age-related 
reduction in the amplitude of the P3b (West & Covell, 2001) and prospec-
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tive positivity (West & Bowry, 2005) contribute to the age-related effect 
on the parietal positivity.  
The ERP correlates of strategic monitoring have been examined in a 
small number of studies comparing neural activity elicited on ongoing activ-
ity trials preceding PM trials (i.e., when individuals should be monitoring for 
these stimuli) and following PM hits (i.e., after the intention was realized 
and it was no longer necessary to monitor for the cue, West et al., 2007), 
and on ongoing activity trials for PM and no-PM conditions (West & Bowry, 
2005; West, Bowry, & Krompinger, 2006). In these studies, strategic 
monitoring is commonly associated with slow wave activity over the frontal 
and parietal regions of the scalp that distinguishes ongoing activity trials 
preceding PM cues from ongoing activity trials following PM cues, and PM 
trials from no-PM trials, respectively. The modulation begins around 200-
400 ms after stimulus onset and lasts for several hundred milliseconds. 
The amplitude of this slow wave activity may decrease as the working 
memory demands of the ongoing activity increase (West et al., 2006), 
consistent with the idea that strategic monitoring requires the allocation of 
controlled attentional resources (Smith, 2003). The effects of aging on the 
neural correlates of strategic monitoring have been examined in one study 
(West & Bowry, 2005). In this study, slow wave activity related to strate-
gic monitoring was observed in younger and older adults, and there ap-
peared to be some age-related differences in the time course and topogra-
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phy of this neural activity. 
1.3. The Current Study 
As described above, the purpose of the current study was to exam-
ine the neural correlates of PM in a lifespan sample ranging in age from 7.5 
to 83 years. The study utilized a modification of the PM encoding-retrieval 
paradigm (West & Ross-Munroe, 2002; Zöllig et al., 2007) that allowed us 
to obtain ERPs for ongoing activity trials, PM cue trials that elicited a cor-
rect prospective response (PM hits), PM cue trials that failed to elicit a pro-
spective response (PM misses), and successful recognition memory of the 
elements of the intention (RM hits). The paradigm also allowed us to exam-
ine components of the ERPs related to strategic monitoring by comparing 
ongoing activity trials preceding PM trials when individuals should be moni-
toring for PM cues – and following PM hits – when it was no longer relevant 
to monitoring for PM cues. 
We examined several predictions related to the potential basis of 
age-related differences in PM across the lifespan. If the developmental tra-
jectory of PM across the lifespan results from variation in the efficiency of 
processes that facilitate the detection of PM cue or switching from the on-
going activity (West & Bowry, 2005; Zöllig et al., 2007), then there should 
be age-related differences in the N300 and/or frontal positivity. Also, if 
processes contributing to the retrospective component contribute to the 
development of PM (Smith et al., 2010), then there should be age-related 
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difference in the parietal positivity or other neural activity that distin-
guishes PM hits and RM hits from ongoing activity trials. Finally, if the de-
velopment of PM is associated with variation in strategic monitoring across 
the lifespan (Smith & Bayen, 2004; Smith et al., 2010), there should be 
age-related differences in slow wave activity associated with monitoring. 
2.  Methods 
2.1. Participants 
The sample included 105 individuals’ aged 7.5 to 83 years that were 
divided into 3 age groups: Children (N = 33 (14 f), M = 10.3 years, SD = 
1.7), younger adults(N = 33 (18 f), M = 31.4 years, SD = 8.4), and older 
adults (N = 33 (11 f), M = 68.2 years, SD = 8.2). All participants were in 
good health and none reported brain injuries, psycho-affective medication, 
drug consumption or diseases affecting brain functioning. All participants 
were native German speakers. A standard psychometric battery was used 
to screen for participants scoring more than one standard deviation below 
age appropriate norms on verbal intelligence, psychomotor speed, memory 
span and planning ability. The data for six participants were excluded due 
to technical problems (1 child and 3 younger adults), poor performance on 
the psychometric battery (1 older adult), or difficulties in color discrimina-
tion (1 older adult); resulting in data for 99 participants being included in 
the analyses.  
Children were recruited at school either by their teachers or through 
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the distribution of flyers that were approved by the school authority. 
Younger adults were recruited through placards on a notice board at the 
University of Zurich and at centers for continuing education around Zurich. 
Older adults were recruited at a lecture for senior citizens at the University 
of Zurich. The experiments were conducted in agreement with the declara-
tion of Helsinki. Informed consent was obtained from all participants or 
their lawful representative in case of the children. Participants were either 
paid 30 CHF or received two cinema vouchers. 
2.2. Materials and procedure 
The general structure of the prospective memory task used in the 
study is portrayed in Fig. 1. The task included 33 intention encoding, ongo-
ing activity, and retrospective and prospective memory retrieval sequences 
that were presented in 792 total trials that were divided into two blocks 
and required approximately 25 minutes to complete without a break. Each 
sequence consisted of: 1) an intention formation trial, 2) six or ten ongo-
ing activity trials, 3) the RM or PM cue trials, 4) six or ten ongoing activity 
trials, 5) the RM or PM cue trials, and 6) three or five ongoing activity tri-
als. The order of the RM and PM cue trials was randomized across se-
quences, as was the number of ongoing activity trials that were performed 
between the encoding and RM or PM cue trials. As an example, for the se-
quence portrayed in Fig. 1 participants encode the intention to press the 
‘c’ key the next time a frame is magenta, then respond to the RM cues 
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(i.e., retrieval of the color of the frame and then the action), participants 
then encounter the PM cue (i.e., frame in magenta) and make the prospec-
tive response (i.e., press ‘c’).  
 
(Figure 1 about here) 
 
Ongoing activity. The ongoing activity was a semantic categorization 
task. For each trial one picture and one word, in lowercase letters and black 
color, were presented on the computer screen centered on the horizontal 
axis. Participants had to decide whether or not the picture and word belong 
to the same semantic category by pressing ‘n’ with the right index finger 
for ‘yes’ and ‘m’ with the right middle finger for ‘no’. The picture-word 
pairs were surrounded by a colored frame in one of six different colors (i.e., 
blue, green, red, yellow, grey, or magenta) that was irrelevant to the ongo-
ing activity. 
PM task. For intention formation trials two letter strings (‘cccc  cccc’ 
or ‘vvvv  vvvv’) were presented instead of a picture-word pair and the 
frame was either magenta or grey. Participants were asked to encode the 
combination of letter and frame color and to form the intention to press 
the key associated with the letter the next time the frame appeared in this 
color on an ongoing activity trial. To indicate that they had encoded the 
intention, participants pressed the corresponding key on the keyboard (‘c’ 
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or ‘v’) with the left middle or index finger. There were four possible cue-
intention pairs that were presented quasi-randomly across the task. For PM 
cue trials the frame was presented in one of the two PM colors (i.e., grey 
or magenta) and participants were expected to press the key associated 
with the letter that was encoded on the intention formation trial. A PM hit 
represented pressing the appropriate key for the trial where the relevant 
frame was presented. As PM miss trials we counted those PM cue trials 
where the prospective cue was not detected, that is an ongoing activity 
response was made (‘m’ or ‘n’) instead of a PM response (‘c’ or ‘v’). Other 
errors, that is confusion errors (i.e., PM cues that elicited the wrong PM 
response that is “c” instead of “v” or vice versa), PM time outs (i.e., PM 
cues that did not elicit any response), and false alarms (i.e., ongoing activ-
ity trials that elicited a prospective response) were not analyzed because 
of too low signal-to-noise ratios resulting from too few trials (see Table 1). 
 
(Table 1 about here) 
RM task. For the RM cue trials individuals were asked to indicate the 
color of the frame (i.e., grey or magenta) and the letter (i.e., c or v) for 
the most recently encoded intention. The order of the color and letter 
probes was counterbalanced across PM sequences. For the color judgment, 
participants were presented with a grey square and a magenta square and 
asked to choose the color that was encoded for the most recent intention 
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formation trial. For the letter judgment, the two PM cue letter were pre-
sented and participants indicate which of the two letters was encoded on 
the most recent intention formation trial. Participants indicated their 
choice by pressing the ‘r’ for the left position or the ‘t’ key for the right 
position with the left middle and index finger.  
Participants were trained in two short blocks that could be repeated 
until the task was fully understood. The first block followed the instruction 
for the ongoing activity and consisted of 20 semantic categorization trials. 
The second block started after the instruction for the PM task and con-
sisted of 45 ongoing activity trials, three PM tasks, and three by two RM 
cue trials. Participants were encouraged to ask questions during and after 
the practice blocks to ensure that they understood the instructions before 
the experimental blocks began. 
Stimuli. The stimuli for the semantic categorization task were taken 
from a standardized set of 260 pictures of objects (simple black line draw-
ings, Snodgrass & Vanderwart, 1980). Eighty-two pictures were excluded 
that belonged to ambiguous or unfavorable categories such as weapons or 
smoking utensils. The objects represented in the remaining 178 pictures 
were presented four times in the task, twice as a picture and twice as the 
associated word. Each object appeared twice in a related picture-word pair 
and twice in an unrelated picture-word pair. Hence, there were 712 ongo-
ing tasks available. A fixed randomized list of ongoing activity trials (i.e., 
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either six or ten) between the PM cue trials and the RM cue trials led to a 
total of 660 ongoing activity trials that was used for all participants. 
The duration of stimulus presentation for the ongoing activity and 
PM cue trials was set to a minimum of 1600 ms and a maximum of 2800 
ms. When participants responded after 1600 ms the next trial occurred 
after an inter-stimulus interval (ISI) of 250 ms. A response latency shorter 
than 1600 ms was filled with a blank screen until 1600 ms was reached, 
followed by the ISI. If participants did not answer after 2800 ms the ISI ap-
peared and the next trial was presented. Presentation time for the inten-
tion formation and the RM cue trials was set to a minimum of 1600 ms. No 
maximum time was defined. 
The response keyboard was prepared with a cover that left only the 
six keys visible that were used for the task. The keys were renamed and 
labeled accordingly to ensure clarity for participants. Here, however, the 
original keys on the keyboard are given in order to allow replication of the 
task. 
2.3. Recording and processing of electrophysiological data 
Recording. The EEG was recorded at 500 Hz with a DC QuickAmp 
amplifier (DC-1000 Hz; Brain Products GmbH) and a 22 bit A/D converter 
(Vision Recorder, Brain Products GmbH) from 40 unipolar Ag/AgCl-scalp 
electrodes placed – according to the 10-20 system (Jasper, 1958) – with 
an EasyCap (FMS Falk Minow Services, Easycap GmbH) and two bipolar 
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Ag/AgCl-electrodes to record vertical and horizontal eye movements. Dur-
ing recording an inter-electrode impedance of below 10kΩ, and no filter 
was applied. An average reference was used. 
Processing. The Vision Analyzer 2 software (Brain Products GmbH) 
was used for offline processing of the EEG. All electrodes were still refer-
enced to an average reference. The data were bandpass-filtered (0.1 Hz – 
12 Hz, time constant 1.5915, 24 dB/oct). Independent component analy-
sis (ICA) was used to correct muscular and ocular artifacts. Uncorrected 
artifacts were eliminated by manual inspection of the data comparing the 
ocular components, the timing and topographical distribution of the arti-
facts against that of the independent components. Finally, the semiauto-
matic Raw Data Inspector (Vision Analyzer 2 software, Brain Products 
GmbH) was applied to reject residual artifacts.  
ERPs were then averaged for five types of trials: Ongoing activity tri-
als that immediately preceded PM cues (children: M = 32.27, S.D. = 1.27; 
younger adults: M = 32.36, S.D. = 0.98; older adults: M = 32.67, S.D. = 
0.54), Ongoing activity trials that followed PM hits (children: M = 16.80, 
S.D. = 6.95; younger adults: M = 21.23, S.D. = 8.33; older adults: M = 
10.07, S.D. = 7.96), PM hits (children: M = 16.58, S.D. = 6.82; younger 
adults: M = 21.04, S.D. = 8.29; older adults: M = 9.89, S.D. = 7.78), PM 
misses (children: M = 10.97, S.D. = 7.29; younger adults: M = 8.46, S.D. = 
7.08; older adults: M = 16.46, S.D. = 8.65), and RM hits collapsed across 
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the two judgments (children: M = 59.94, S.D. = 4.56; younger adults: M = 
62.80, S.D. = 3.87; older adults: M = 56.15, S.D. = 7.42). The stimulus-
locked ERP epoch included a 200 ms prestimulus baseline and 1200 ms of 
poststimulus activity.  
2.4. Statistical analyses 
2.4.1. Behavioral data 
PM hits were analyzed in a one-way independent ANOVA and to fur-
ther analyze differences across the three age groups, we performed non-
orthogonal (repeated) planned contrasts, comparing younger adults to 
children and older adults to younger adults. 
2.4.2. Mean amplitude 
Mean differences in ERP amplitude between trials and groups were 
analyzed using repeated-measures ANOVA. The selection of epoch and 
electrodes for the analyses was guided by the findings of previous research 
(e.g., West et al., 2001; West & Krompinger, 2005; Zöllig et al., 2007). 
The amplitude of the N300 was measured as mean amplitude between 
270-350 ms after stimulus onset, and included data for four electrodes 
(PO3, PO4, O1, O2), two on each hemisphere. For the analyses, electrodes 
within one hemisphere were collapsed to get a mean activity. The ampli-
tude of the frontal positivity was measured as mean activity between 350-
400 ms and included electrodes F1, F2, F3 and F4. Again, electrodes within 
one hemisphere were collapsed to get a mean activity. Finally, the ampli-
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tude of the parietal positivity was measured as mean amplitude between 
600-800 ms, and the analyses included data of electrodes P3, P4, CP3 and 
CP4, whereas electrodes within one hemisphere were again collapsed to get 
a mean activity. The analyses included data for three types of trials: ongo-
ing activity preceding PM cues, PM hits, and PM misses. Post hoc Tukey 
tests qualified the results in case of a significant main effect of age. The 
Greenhouse-Geisser corrected degrees of freedom were applied if spheric-
ity could not be assumed. Significant interactions of age × trial were de-
composed in two contrasts: First, we compared the amplitude for ongoing 
activity trials to the amplitude for PM hits to establish the presence of the 
relevant component in each group. Second, we compared the amplitude for 
PM hits and PM misses to determine whether or not the component dis-
criminated between realized and unrealized intentions within the groups.  
2.5. Spatiotemporal analysis 
Partial Least Squares (PLS) analysis. PLS analysis was applied to an 
ERP data matrix representing the data for groups, subjects and conditions 
in the rows, and the amplitudes for time points between 0-1200 ms at 40 
channels in the columns. The input (deviation) matrix for the PLS analysis 
was obtained by mean-centering the columns of the data matrix with re-
spect to the grand mean. Singular value decomposition (SVD) was per-
formed on the deviation matrix to identify the structure of the latent vari-
ables. Three outputs were obtained from the SVD that were used to inter-
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pret the relationships between ERP amplitude, task design, and age group. 
The first was a vector of singular values that are similar to eigenvalues and 
represent the unweighted magnitude of each latent variable. The singular 
values were used to calculate the percentage of task-related variance at-
tributable to each latent variable. The second and third outputs represent 
the structure of the latent variables and are orthogonal pairs of vectors 
(saliences) that are similar to component loadings in PCA. One vector de-
fines the weighted contrasts among conditions (brain scores) and the 
other vector represents the electrode saliences that reflect the spatial-
temporal distribution of the latent variable across the scalp. The electrode 
saliences reflect components or modulations of the ERP waveforms that 
differ in amplitude across task conditions (e.g., an effect on the N300 
might reflect stable saliences over the occipital-parietal region of the scalp 
between 200-400 ms). 
The significance of the latent variables’ singular values was deter-
mined using a permutation test (200 replications) that provided an exact 
probability of observing the latent variable’s singular value by chance (e.g., 
p = .01); the stability of the electrode saliences at each time point and lo-
cation on the scalp and the brain scores for the task conditions was estab-
lished through bootstrap resampling (200 replications) that provides a 
standard error for each of the electrode saliences and brain scores. The 
ratio of the salience to its bootstrapped standard error is approximately 
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equivalent to a z-score; therefore, bootstrap ratios greater than 3.0 can be 
taken to indicate saliences that differ from zero at the p < .001 level. Mat-
lab code to perform the PLS analyses can be obtained at 
(http://www.rotman-baycrest.on.ca). 
3.  Results 
3.1. Behavioral results 
The one-way independent ANOVA for correctly answered prospective 
memory trials revealed a significant effect of age, F(2,96) = 13.25, p < 
.01, η2 = .216. The planned contrasts revealed a significant increase in per-
formance from children to younger adults (p < .05) and a significant de-
crease from younger to older adults (p < .01). 
3.2. Differences in mean amplitude 
The grand-averaged ERPs at twelve electrodes portraying the N300, 
frontal positivity and parietal positivity for the three age groups are pre-
sented in Fig. 2. 
 
(Figure 2 about here) 
 
3.2.1. N300 
The N300 was analyzed in a 3 (age: children, younger adults, older 
adults) × 3 (trial: PM hits, PM misses, ongoing activity trials) × 2 (hemi-
sphere: left (PO3-O1), right (PO4-O2)) repeated-measures ANOVA. The 
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main effect of trial was significant, F(2,178) = 5.56, p < .01, η² = .064, ε 
= .76 (see Fig. 2), with amplitude becoming more negative from ongoing 
activity trials to PM misses (p < .05) to PM hits (p < .01). The main effect 
of age, F(2,89) = 31.61, p < .01, η² = .415, and the age × trial interaction 
were also significant, F(4,178) = 5.56 (ε = .80), p < .01, η² = .104. Post 
hoc Tukey tests revealed a significant decrease in amplitude from children 
to younger adults (p < .01), and no difference between the younger and 
older adults (p > .10). For the contrast comparing ongoing activity trials to 
PM hits, the main effect of trial was significant, F(1,92) = 19.48, p < .01, 
η² = .175, and the age × trial interaction was not significant, F < .005, η² < 
.001 (Fig. 3). These findings indicate that the amplitude of the N300 dif-
ferentiating PM hits from ongoing activity trials was similar across the 
three age groups. For the contrast comparing PM hits to PM misses, the 
main effect of trial was not significant, F < 2.34, η² = .023, however, the 
age × trial interaction was significant, F(2,89) = 5.48, p < .01, η² = .107. 
The interaction reflected the fact that the amplitude of the N300 was 
greater for PM hits than for PM misses in the younger and older adults (p’s 
< .01), but not in the children (p > .10). These results lead to the sugges-
tion that in younger and older adults the failure to detect the PM cues was 
associated with failures to realize the intention (West & Ross-Munroe, 
2002). In contrast, in children the amplitude of the N300 was similar for 
PM hits and PM misses leading to the suggestion that cue detection was 
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not necessarily associated with realization of the intention in childhood. 
3.2.2. Frontal positivity 
The amplitude of the frontal positivity was analyzed in a 3 (age) × 3 
(trial: PM hits, PM misses, ongoing activity trials) × 2 (hemisphere: left (F1-
F3), right (F2-F4)) repeated-measures ANOVA. The main effects of trial, 
F(2,178) = 5.59 (ε = .64), p < .05, η² = .059, and of age, F(2,89) = 
43.94, p < .01, η² = .492, were significant. Post hoc tests revealed signifi-
cant differences between PM hits and ongoing activity trials (p < .01), and 
between PM hits and PM misses (p < .05), but not between PM misses and 
ongoing activity trials (p > .10). Amplitude was also greater for children 
than for the adults (p’s < .01), whereas the younger and older adults did 
not differ significantly (p > .10). The comparison of ongoing activity trials 
to PM hits revealed a significant effect of trial, F(1,92) = 12.95, p < .01, η² 
= .123, and a non-significant age × trial interaction, F < 1.00, η² = .002 
(Fig.3). Hence, the frontal positivity was observed in each age group. For 
the contrast comparing PM hits to PM misses we found also a significant 
effect of trial, F(1,89) = 6.02, p < .05, η² = .063, and a non-significant in-
teraction of age × trial, F < 1.00, η² = .001. Thus, the frontal positivity 
discriminates between PM hits and PM misses similarly across all age 
groups. 
3.2.3. Parietal positivity 
The parietal positivity was examined in a 3 (age) × 3 (trial: PM hits, 
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PM misses, ongoing activity trials) × 2 (hemisphere: left (CP3-P3), right 
(CP4-P4)) repeated-measures ANOVA. The main effect of trial was signifi-
cant, F(2,178) = 7.57 (ε = .80), p < .01, η² = .072, reflecting similar am-
plitudes for ongoing activity trials and PM misses (p > .10), but greater 
amplitude for PM hits (p < .01 for the comparison to ongoing activity trials 
and p < .05 for the comparison to PM misses). The effect of age was also 
significant, F(2,89) = 47.46, p < .01, η² = .516, with amplitude decreasing 
from children to younger adults (p < .01), and no difference between 
younger and older adults (p > .10). Furthermore, the interaction of age × 
trial was significant, F(4,178) = 4.59 (ε = .76), p < .001, η² = .087. Com-
paring ongoing activity trials to PM hits revealed a significant effect of trial, 
F(1,92) = 16.88, p < .001, η² = .140, a significant effect of hemisphere, 
F(1,92) = 4.24, p < .05, η² = .042, and a significant age × trial interaction, 
F(2,92) = 5.74, p < .001, η² = .095. Further analyses showed that the dif-
ference between ongoing activity trials and PM hits was significant for chil-
dren (p < .01), but not for younger adults (p < .07) or older adults (p > 
.10). This result indicates a marked decrease in the amplitude of the parie-
tal positivity from children to adults (Fig. 3). There was a trend level inter-
action of age × hemisphere, F(2,92) = 2.84, p < .07, η² = .056. In children 
the amplitude was greater over the right hemisphere (p < .01), whereas in 
younger and older adults the amplitude did not differ across hemispheres 
(p’s > .10). For the contrast comparing PM hits to PM misses we found a 
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significant effect of trial, F(1,89) = 6.79, p < .05, η² = .063, a significant 
interaction of age × trial, F(2,89) = 5.62, p < .001, η² = .105, and a sig-
nificant interaction of age × hemisphere, F(2,89) = 4.54, p < .05, η² = 
.090. These results reveal that the parietal positivity distinguishes PM hits 
and PM misses in children (p < .01), especially over the right hemisphere, 
but not in younger or older adults (p’s > .10). 
 
(Figure 3 about here) 
 
3.3. PLS analyses 
3.3.1. Realizing intentions 
PLS analysis was used to examine age-related differences in the spa-
tiotemporal distribution of the ERPs associated with prospective and retro-
spective memory. This analysis included three age groups and ERP data for 
the ongoing activity trials preceding the PM cue trials, PM hits, PM misses, 
and RM hits from 0-1200 ms after stimulus onset at 40 electrodes. The 
PLS analysis revealed four significant latent variables (p’s < .001) that ac-
counted for 48.81%, 20.91%, 13.32%, and 7.63% of the cross-block co-
variance, respectively (see Fig. 4). 
(Figure 4 about here) 
 
The first latent variable contrasted RM hits and the other trials, with 
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some variation in the expression of this latent variable across the three 
groups (see Fig. 2 for the mean amplitudes of RM hits). In children, LV1 
contrasted RM hits with ongoing activity trials and PM misses; in younger 
adults, LV1 contrasted RM hits with ongoing activity trials and PM hits; and 
in older adults, LV1 contrasted RM hits with PM hits. The electrode sali-
ences for LV1 revealed three stable epochs of neural activity. Between 
100-300 ms after stimulus onset the electrode saliences revealed phasic 
activity over the occipital and frontal regions of the scalp that appear to 
reflect differences in the amplitude of the P1 and N2 components for RM 
hits relative to the other trials. Between 200-800 ms after stimulus onset 
the electrode saliences revealed stable difference in neural activity over 
the parietal region that could reflect the P3b or the recognition memory 
old-new effect. Finally, between 300-900 ms after stimulus onset the elec-
trode saliences revealed stable differences in neural activity over the lateral 
frontal region. 
The second latent variable reflected a contrast between PM hits and 
ongoing activity trials across the three groups. In the younger adults, LV2 
also contrasted PM misses with PM hits; and in the older adults, LV2 con-
trasted PM hits and RM hits with ongoing activity trials and PM misses. The 
electrode saliences revealed three stable epochs of neural activity. Be-
tween roughly 250-350 ms after stimulus onset there was a transient 
positivity over the posterior region that may represent the N300. Between 
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250-500 ms after stimulus onset there was a negativity over the midline 
frontal region that likely reflects the frontal positivity. Between roughly 
600-1100 ms there was a sustained modulation over the parietal region of 
the scalp likely reflecting the parietal positivity. The pattern of brain scores 
and electrode saliences for this latent variable reveals that the core ERP 
components associated with PM are reliable across the lifespan in our sam-
ple. 
The third latent variable revealed a group × condition crossover in-
teraction that contrasted PM hits with PM misses in the children, and PM 
hits and RM hits with PM misses and ongoing activity trials in the younger 
and older adults. The electrode saliences for this latent variable revealed 
two stable epochs of neural activity. The first represented a transient 
modulation over the occipital and midline frontal regions that peaked 
around 200 ms after stimulus onset. The second reflected a sustained 
modulation over the left lateral frontal region between 700-1000 ms after 
stimulus onset. These data may indicate that there is an age-related shift 
in the neural correlates of PM that emerges between childhood and adult-
hood, and is then relatively stable from early to late adulthood. 
The fourth latent variable also revealed a quite different pattern of 
brain scores in the children compared to the younger or older adults. In the 
children, LV4 contrasted PM misses with ongoing activity trials. In younger 
and older adults, this LV4 contrasted PM and RM hits with ongoing activity 
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trials and PM misses, and this effect appeared to be stronger in the older 
adults. The electrode saliences revealed one stable epoch of neural activity 
between roughly 500-600 ms after stimulus onset over the left lateral 
frontal and central to parietal regions. In adulthood this latent variable 
could be related to retrospective processes that also contribute to PM, a 
finding that is consistent with some previous studies examining the ERP 
correlates of PM (West, 2007; West & Krompinger, 2005) 
3.3.2. Strategic monitoring 
To examine the neural correlates of strategic monitoring we con-
ducted a PLS analysis on the data for ongoing activity trials preceding and 
following PM hits (West et al., 2007). The analysis included 0-1200 ms of 
data after stimulus onset at 40 electrodes. This analysis revealed one sig-
nificant latent variable (p < .01) that accounted for 82.15% of the cross-
block covariance (see Fig. 5b). The magnitude of the difference in the brain 
scores decreased from children to younger adults and was similar in 
younger and older adults. The electrode saliences revealed sustained 
modulations of the ERPs extending from the left posterior to the left lateral 
frontal regions and over the right lateral frontal region over most of the 
analyzed epoch.  
 
(Figure 5 about here) 
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4.  Discussion 
This study was designed to examine the neural correlates of age-
related differences in PM across the lifespan. Response accuracy for the PM 
task revealed the typical inverted U-shaped distribution with accuracy in-
creasing from childhood to young adulthood and then decreasing to later 
adulthood. The majority of PM errors reflected instances where an ongoing 
activity response was made to the PM cues rather than confusion errors 
where the wrong prospective response was made. These findings lead to 
the suggestion that variation in the efficiency of processes contributing to 
the prospective component primarily contributed to age-related variation in 
PM in the current study. To identify the neural correlates of age-related 
differences in PM, the ERP data were analyzed using repeated-measures 
ANOVA and PLS analysis. These analyses revealed several components of 
the ERPs that are associated with PM (i.e., N300, frontal positivity, parietal 
positivity, and slow wave activity related to strategic monitoring). Both 
analytic approaches revealed age-related variation in the pattern of neural 
recruitment observed during task performance and revealed that different 
processes may contribute to the rise and fall of PM across the lifespan. 
The N300 was reliable across the lifespan in the modified PM encod-
ing-retrieval paradigm in the mean voltage and PLS analyses. In younger 
and older adults the N300 distinguished PM hits from PM misses and ongo-
ing activity trials. This finding is consistent with previous research (West, 
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2007; West & Ross-Munroe, 2002) and leads to the suggestion that PM 
errors in the younger and older adults resulted from failures to detect the 
PM cues. In contrast to the adults, the N300 distinguished PM hits and PM 
misses from ongoing activity trials in the children. This finding may indicate 
that children detected the PM cues on some portion of the PM error trials 
and that failure of PM on these trials resulted from the disruption of proc-
esses that follow cue detection and are associated with switching or disen-
gaging from the ongoing activity. Variation in the N300 between PM hits 
and PM misses in children and adults leads to the suggestion that different 
processes may contribute to failures of PM and hence, the realization of 
delayed intentions in childhood and adulthood (Zöllig et al., 2007).  
The frontal positivity was also robust across the lifespan, leading to 
the suggestion that the cognitive processes associated with this compo-
nent of the ERPs were functional by middle childhood. The frontal positivity 
distinguished PM hits from PM misses and ongoing activity trials in the chil-
dren, younger adults, and older adults. In the younger and older adults this 
pattern of data reveals a strong coupling of the N300 and frontal positiv-
ity, consistent with previous research (West, 2007; West et al., 2007). In 
contrast, in the children the N300 and frontal positivity appear to be dis-
sociated (i.e., for the N300, PM hits equal PM misses and differ from ongo-
ing activity trials; and for the frontal positivity, PM hits differ from PM 
misses and ongoing activity trials). This finding may indicate that some PM 
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errors in the children resulted from the failure of executive processes that 
are associated with switching or disengaging from the ongoing activity fol-
lowing the detection of a PM cue (Zelazo, Craik, & Booth, 2004). 
Consistent with previous research (West, 2007; West & Krompinger, 
2005), the parietal positivity differentiated PM hits from PM misses and 
ongoing activity trials. The reliability of this effect differed in the analysis 
of mean voltage and the PLS analysis. In the mean voltage analysis, the 
difference in amplitude between PM hits and ongoing activity trials was 
significant in the children but not in the younger or older adults. The reduc-
tion in the parietal positivity with increasing age is consistent with the find-
ings of Zöllig et al. (2007) who observed a similar decrease in amplitude 
from adolescents to older adults. In the PLS analysis, the second latent 
variable captured the parietal positivity associated with PM. Furthermore, 
the timing and distribution of the stable electrode saliences lead to the 
suggestion that the parietal activity associated with the second latent 
variable reflects the prospective positivity. The confidence intervals for the 
brain scores for PM hits did not include zero for any of the groups indicat-
ing that the effect was reliable in all three age groups. Although the brain 
scores for PM hits are clearly larger for children than for younger or older 
adults. The results of the PLS analysis for the second latent variable are 
similar to those reported by Zöllig et al. for their first latent variable. To-
gether these data lead to the conclusion that neuro-cognitive processes 
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associated with the prospective positivity (e.g., task set configuration, 
West, 2011) contribute to successful PM across the lifespan.  
Based upon some previous research (West & Krompinger, 2005; 
West et al., 2007), one could expect to observe some overlap in the ERPs 
elicited by PM hits and RM hits reflecting the contribution of explicit epi-
sodic memory processes to performance in these two types of trials 
(Einstein & McDaniel, 1996). The pattern of brain scores for the third and 
fourth latent variables in the younger and older adults is consistent with 
the general idea (i.e., in the younger and older adults these two latent vari-
ables tended to contrast PM and RM hits with PM misses and ongoing activ-
ity trials). However, when the distribution of the stable electrodes saliences 
for the two latent variables is also considered it seems that only the fourth 
latent variable is likely related to the retrospective component of PM. Spe-
cifically, this latent variable revealed stable electrode saliences over the 
central-parietal and lateral frontal regions of the scalp between 500-1200 
ms after stimulus onset. If one assumes that the memory retrieval de-
mands of the PM encoding-retrieval task are more similar to cued-recall 
than recognition, then the pattern of electrode saliences would be consis-
tent with the findings of West and Krompinger (2005, Experiment 2) re-
lated to PM, as well as, more generally to ERP studies of the neural corre-
lates of cued-recall (Allan & Rugg, 1998). The pattern of brain scores for 
the children for this latent variable was quite different from that observed 
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for younger and older adults. This finding may be consistent with the idea 
that retrospective processes underpinning PM are not fully developed until 
early adulthood (Smith et al., 2010). 
Like the fourth latent variable, the pattern of brain scores for the 
third latent variable was quite different in children and younger and older 
adults. This latent variable primarily expressed early transient neural activ-
ity over the posterior and midline frontal regions that may reflect modula-
tions of the posterior N2 and anterior P2 components of the ERPs.  
The association of this latent variable with successful PM in the chil-
dren, differences between the children and the older two age groups, and 
the lack of stable electrode saliences over the parietal region for the third 
latent variable may indicate that this effect is associated with processes 
that support cue detection, rather than memory retrieval, in children and 
that this becomes less critical for the success of PM in early and later 
adulthood. 
The reason for such a developmental shift in the processes support-
ing PM is unclear based upon the available evidence, and could be related 
to developmental differences in the ability to bring to bear executive con-
trol process early and later in life to support PM. 
RM hits, relative to ongoing activity trials, were associated with 
modulations of the amplitude of the P1 and N2 over the occipital region of 
the scalp and the P3b over the parietal region of the scalp. These effects 
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were much greater in children than in adults. In the PLS analysis, these dif-
ferences were captured by the first latent variable that contrasted the 
ERPs elicited by RM hits with those elicited by ongoing activity trials, PM 
hits, or PM misses depending upon which group is considered. The contri-
bution of the early visual components and the relatively symmetrical distri-
bution of the effect over the left and right parietal regions may indicate 
that this pattern of neural activity is more strongly related to the relative 
distinctiveness of the RM cue displays, representing a target or oddball ef-
fect, rather than reflecting the neural correlates of recognition memory.  
The analysis designed to examine the neural correlates of strategic 
monitoring revealed sustained neural activity over frontal and posterior re-
gions of the scalp that differentiated ongoing activity trials preceding or 
following PM hit trials. This finding is consistent with evidence from previ-
ous research using ongoing activities that required semantic judgments 
(West et al., 2007) or monitoring items held in working memory (West et 
al., 2006). Together, the results of the current and previous research may 
indicate that the frontal and posterior sustained activity related to strate-
gic monitoring represents a relatively general response as it is observed 
with different ongoing activities. The sustained activity related to strategic 
monitoring was robust across the lifespan, and the size of the brain scores 
was relatively consistent in the younger and older adults. This finding may 
indicate that within the current sample cognitive processes related to stra-
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tegic monitoring in PM were relatively independent of age. This conclusion 
seems inconsistent with the idea that age-related increases and then de-
clines in the efficiency of monitoring processes contribute to the develop-
ment of PM across the lifespan. However, it is possible that age is associ-
ated with variation in the likelihood of engaging in strategic monitoring 
over time rather than the strength of the effect of monitoring. A compari-
son of ongoing activity trials preceding PM encoding trials with those pre-
ceding PM hits or misses could provide insight into this explanation. Fur-
thermore, the inclusion of source localization methods of ERPs and other brain imaging 
methods such as PET and functional MRI could further contribute, when linked to previous 
findings in prospective memory research (e.g., Burgess, Quayle, & Frith, 2001; Simons, 
Schölvinck, Gilbert, Frith, & Burgess, 2006; Zöllig & Eschen, 2009), to the understanding 
of differential mechanisms engaged in prospective memory functioning across the lifespan. 
There was a relatively dramatic difference in the accuracy of pro-
spective memory between younger and older adults; in contrast, at the 
neural level age-related differences between these two groups were more 
modest. One possible explanation for this seemingly counterintuitive effect 
is that younger and older adults may differ in the likelihood of engaging in 
controlled attentional or preparatory processes that facilitate PM (Smith & 
Bayen, 2004) rather than in their ability to utilize these processes to sup-
port PM. Consistent with this idea, evidence from studies examining age-
related differences in selective attention (West, 1999) and working mem-
ory (West, Murphy, Armilio, Craik, & Stuss, 2002) indicate that older adults 
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are more susceptible to lapses of attention than are younger adults, and 
that these lapses of attention may contribute to age-related differences in 
PM (West & Craik, 1999). 
In conclusion, the current study used ERPs to examine the basis of 
age-related differences in the neural correlates of PM retrieval across the 
lifespan. Our data revealed that PM errors in younger and older adults ap-
peared to result from instances where individuals failed to detect the PM 
cues. In contrast, PM errors in children may have resulted from a break-
down in the coupling of processes associated with cue detection and sig-
naling a switch or disengagement from the ongoing activity. These findings 
provide support for the idea that different processes contribute to age-
related variation in the success of PM early and late in life. 
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Tables 
Table 1. Mean (M) accuracy for children (Ch), younger adults (YA), and older 
adults (OA) for PMhits, PMmisses, confusion errors, PM time outs, and false alarms. The 
maximum score was 33.  
  Age group 
  Ch YA OA 
PMhits M (SD) 16.9 (8.4) 21.2 (8.1) 10.3 (9.3) 
PMmisses M (SD) 11.2 (7.9) 8.6 (7.0) 16.5 (9.3) 
Confusion errors M (SD) 1.9 (1.8) 1.3 (2.7) 0.9 (1.3) 
PM time outs M (SD) 3.0 (2.6) 1.9 (1.9) 5.3 (4.4) 
False alarms M (SD) 1.6 (1.7) 0.4 (0.9) 2.6 (3.1) 
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Figure Captions 
Fig. 1. Illustration of the prospective memory paradigm used in the 
present study. Displayed is one of totally 33 analogue sequences consist-
ing of an intention formation trial, a PM cue trial and a RM cue trial (con-
sisting of two subtasks) embedded in an ongoing activity. The order of ap-
pearance of RM cue trials and PM trials as well as the two subtasks within 
the RM cue trials are randomized between sequences – as indicated by the 
arrows. 
Fig. 2. Grand-averaged event-related brain potentials at 12 elec-
trodes used in the ANOVAs demonstrating the N300 (PO3, O1, O2, PO4), 
the frontal positivity (F3, F1, F2, F4) and the parietal positivity (P3, CP3, 
CP4, P4) for ongoing activity trials, PM hits, PM misses, and RM hits in chil-
dren, younger adults, and older adults. The tall bar presents stimulus onset 
and 5 µVs in the children and 2 µVs in the adults to reflect the dramatic 
difference in amplitude between the children and adults; and the short bars 
represent 400 ms increments. 
Fig. 3. Absolute differences in mean voltage (µV) between PM hit and 
ongoing activity (On) trials and between PM miss and ongoing activity (On) 
trials displaying the age × trial interaction for the N300, the frontal positiv-
ity (FP) and the parietal positivity (PP) for the three age groups. 
Fig. 4. Brain scores and electrode saliences for select electrodes for 
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the four significant latent variables from the PLS analysis examining the 
neural correlates of PM for children (CH), younger adults (YA) and older 
adults (OA). The error bars for the brain scores represent the 95% confi-
dence intervals from the bootstrap test. The “o” above the x-axis for the 
electrode salience plots mark points in time where the bootstrap ratio ex-
ceeded 2.5 (e.g., p < .01). 
Fig. 5. a) Grand-averaged ERPs at electrodes O1 and F6 demonstrat-
ing the slow wave activity associated with strategic monitoring (i.e., for 
ongoing activity trials before or after a PM hit) in the three groups of par-
ticipants. The tall bar represents stimulus onset and the short bars repre-
sent 400 ms increments. The tall bar represents 7 µVs in the children and 
4 µVs in the adults to account for the overall difference in amplitude be-
tween the groups. b) Brain scores and electrode saliences for electrodes 
O1 and F6 for the one significant latent variable from the PLS analysis ex-
amining the neural correlates of strategic monitoring in children (CH), 
younger adults (YA), and older adults (OA). The error bars for the brain 
scores represent the 95% confidence intervals from the bootstrap test and 
the “o” above the x-axis for the electrode salience plots mark points in 
time where the bootstrap ratio exceeded 3.0 (e.g., p < .01). 
